Introduction {#Sec1}
============

Hip arthroplasty is now a standard procedure in the management of advanced degenerative hip joint changes \[[@CR1]--[@CR3]\]. The progress in operative techniques, combined with the use of high-quality implants, has made the procedure an easy process for the surgeon to perform and a fairly moderate condition for patient recovery \[[@CR4]--[@CR6]\]. All this has provided a basis for regarding this method as a treatment of choice even in young patients. In general, it is a corrective surgical procedure designed to restore normal function in the limb, eliminate pain and allow the patient unaided, effective mobility \[[@CR7], [@CR8]\]. The implant's life span is one of the crucial problems in hip arthroplasty that depends on many factors, including the method of implant fixation in bone tissue, the type of joint articulation system used, the type of implant material and the option of implant surface finish with porous substances, facilitating the process of biological healing of the implant into bone tissue \[[@CR9], [@CR10]\]. The volume of microparticles, which are released from implant surfaces by friction during normal joint function, depends on the type of artificial joint surface finish \[[@CR3], [@CR11], [@CR12]\]. Results of the latest studies have undoubtedly demonstrated that the ceramic-on-ceramic and metal-on-metal connections release the lowest volumes of microparticles during friction, which consequently reduces cytokine release, diminishing the risk for early loosening of implant components \[[@CR13]--[@CR15]\].

The goal of the study was to present the long-term results of cementless hip arthroplasty with ceramic-on-ceramic articulation.

Materials and methods {#Sec2}
=====================

Between the years 1985 and 1999, 220 Mittelmeier cementless hip endoprostheses were implanted in a consecutive series of 188 patients in our Department. In each case, an all-ceramic, threaded acetabular cup and a ceramic head of 32 mm diameter, placed on a steel stem (Autophor 900, model Mark II), were used. Since the year 1989, a new stem model has been implanted---Autophor 900S, model Mark III. Bilateral procedures were never performed during the same operation. The patients included 101 women and 87 men, with a mean age of 44.5 years (range 20--70 years). In 70 % the surgery was performed in patients below 50 years of age. The left hip joint was operated in 111 and the right in 109 cases. The mean observation period was 19.6 years (range 12.3--26.7 years). No patient died or was lost to follow-up. The aetiology of the disease in 81 cases (36.8 %) was associated with a history of hip dysplasia (dysplastic coxarthrosis) in childhood, idiopathic coxarthrosis in 60 cases (27.3 %), while other cases included traumatic background, aseptic necrosis of the femoral head and a history of childhood diseases (including juvenile arthritis). In two cases, patients with hip ankylosis were operated upon. The final results were evaluated by means of the Merle d'Aubigné and Postel classification, as modified by Charnley \[[@CR16]\]. A detailed evaluation of the acetabular component implantation was performed by means of the DeLee and Charnley classification \[[@CR17]\], while the stem implantation was assessed by the system of Gruen et al. \[[@CR18]\]. Radiological evaluation also included geometric layout and axial location of the implants in the pelvis and the proximal end of the femoral bone. The implant's life span was also evaluated by Kaplan-Meier estimators \[[@CR19]\].

Results {#Sec3}
=======

Very good results were obtained in 87 (39.5 %) of the patients, while in 96 cases (43.6 %) the results were assessed as good, in 20 cases (9.1 %) as satisfactory and in 17 cases (7.8 %) the surgical outcome was poor, achieving low scores in the Merle d'Aubigné and Postel classification (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1A 58-year-old patient 21 years after total hip replacement with a very good result

The very good and good results were mostly obtained in patients with idiopathic coxarthrosis. Both patients in whom a prosthesis was implanted after previous ankylosis presented with rather poor outcomes. The other poor results were mainly observed in cases of advanced dysplastic coxarthrosis, primarily classified as class IV and III according to Crowe et al.'s classification, and in patients with Autophor stem implants which, taking into account their smooth structure, demonstrated aseptic loosening. That group also comprised the highest number of complications, both intraoperative and late.

No joint squeaking was identified in any of the cases. Nor was there any trace of endoprosthesis infection in any of the cases.

Of the 220 Mittelmeier endoprostheses, 16 required revision surgery, including Autophor 900, type Mark II stem replacement in 11 cases, broken stem replacement (of unknown aetiology---most probably material fatigue) in cases and replacement of the acetabulum, broken in road accidents, in three cases.

Using Kaplan-Meier estimators, the following implant life span predictions were made: 12-year probability of whole prosthesis survival 86.36 %, 12-year probability of endoprosthesis acetabulum survival 89.99 % and 12-year probability of endoprosthesis stem survival 91.36 %.

Discussion {#Sec4}
==========

The treatment of hip joint diseases and deformities in adult patients is one of the most challenging tasks in orthopaedics \[[@CR1], [@CR3], [@CR20]\]. The first introduction of complete hip joint endoprostheses and their initial clinical applications 50 years ago started a new era of surgical hip joint replacement, solving---at least in part---the problems associated with hip joint failures. Arthroplasty provides patients with a chance to regain physical fitness and to return to social function within a relatively short time period after operation \[[@CR3], [@CR21]\]. However, implantation of artificial joints imposes a risk of wear and loosening or even breakage of endoprosthesis components over time \[[@CR13], [@CR22]--[@CR25]\].

Systematic follow up studies and evaluation of surgical treatment outcomes allow us to evaluate the durability of the materials used to make the implants plus reactions and changes in the osseous tissue surrounding the endoprosthesis. An understanding of the pathophysiology of the osseous tissue around implants contributes---together with the development of the chemistry of plastics and metallurgy, materials science and technology and tribology---to continuous upgrading of implanted artificial joints to improve the outcomes of endoprosthetic replacement, especially in young and physically active patients \[[@CR1], [@CR3], [@CR10], [@CR21]\].

In the 1970s, a rapid development of cementless endoprosthesis implantations in bone tissue was observed. A number of biological bone-prosthesis bonding solutions were designed. Unlike cement which provides instant fixation, cementless prostheses require a certain time period for bone resorption, up to complete secondary, biological osseointegration. Taking into account the biology of osseous tissue, the intensity of which depends by and large on the age of patients, these endoprostheses are mainly applied in younger subjects with preserved osteogenic and reparative potentials and with good structural condition of both the acetabulum and the femoral bone. Mittelmeier's model is an example of a cementless endoprosthesis \[[@CR3], [@CR11], [@CR26], [@CR27]\].

A Mittelmeier endoprosthesis was implanted for the first time in 1974 and was then frequently modified and improved for the entire 25-year period of its use \[[@CR5], [@CR7], [@CR14], [@CR27]\]. It consists of a ceramic acetabulum and a ceramic head with a metal stem. The shape of the acetabular component is that of a truncated cone, while its outer surface has a thick, intermittent thread, which ensures a solid, stress-resistant anchorage in bone. Processed ceramic elements present with outstanding smoothness of their surface, which guarantees optimal slipping properties, almost matching those of the natural hip joint of man. At first, the diameter of the ceramic head and the internal diameter of the ceramic acetabulum were 38 mm, to be then reduced to 32 mm. The femoral component is made of a metal alloy, including chromium and molybdenum, called "Endocast", with an outer ribbing of type Mark I \[[@CR5], [@CR21], [@CR26]\]. Following the rather high number of cases exhibiting instability with this type of stem, a stabilising "wing" and longitudinal grooving on the edges were added, and the collar base was corrugated in order to increase stem stability. The replacement of the transverse, relatively large ribs on the stem surface with oval, V-shaped cavities---Autophor 900 (Mark II)---was another, significant change. A cross-sectional image of the stem is rectangular with slightly rounded edges. Another---Autophor 900S (Mark III)---version was additionally covered with a porous structure over the whole surface \[[@CR26]\]. We started using the Mittelmeier prosthesis at our Department with the Mark II model but later on, Autophor 900S, model Mark III stems were used exclusively, significantly improving the stability of the endoprosthesis stem.

Of the 220 implanted Mittelmeier endoprostheses, only 16 joints required revision operations for aseptic loosening of the Autophor 900 stem or mechanic failure of artificial joint elements. The majority of revision arthroplasty procedures involved the complex cases of dysplastic coxarthroses, necessitating additional procedures in the acetabular roof or in two cases of hip joint ankylosis.

Studies in recent years have demonstrated that osteolytic processes around the endoprosthesis are by and large associated with systemic reaction to the substances, released in the course of endoprosthesis wear \[[@CR28]\]. These microcomponents, released during friction of artificial joint surfaces, induce biological, systemic reactions, leading to a release of proinflammatory cytokines from cells, surrounding the endoprosthetic elements. These cells additionally stimulate the secretion of metalloproteinases and influence osteoclasts, exerting a significant effect on the osteolytic processes. The activation of osteoblasts by cytokines, such as interleukin 6 (IL-6), or the stimulation of their differentiation by tumour necrosis factor alpha (TNF-α) enhances osteolysis around the implant \[[@CR29], [@CR30]\].

It seems that these reactions depend on the size and number of particles released from endoprosthetic surface friction. Thus, it is important to find a material for endoprosthesis elements which has the lowest friction coefficient. It appears from studies to date that this condition can be fulfilled exclusively by ceramic-on-ceramic systems. Studies carried out at several laboratories have indicated that the polyethylene abrasion rate is 0.01--0.3 mm/year, while it is merely 0.13--78 μm for ceramic joints \[[@CR31]\]. Fewer particles from implant surface abrasion means smaller phagocytic reactions around the implant and a reduced incidence of endoprosthetic stem migrations, thus extending the endoprosthesis life span \[[@CR29]--[@CR31]\].

Yeung et al. reported outstanding results using an endoprosthesis with such articulation. The minimum ten year survival of endoprostheses was as high as 98 % \[[@CR7]\]. Similar findings were published by Kress et al. In a minimum follow-up of ten years only one stem was loose among 65 arthroplasties performed \[[@CR32]\]. Porat et al. compared the life span of cementless, ceramic-ceramic endoprostheses with metal-on-metal articulation systems. The per cent of loosening was 2.2 % in the former endoprostheses and 5.4 % in the latter systems \[[@CR14]\]. In turn, D'Antonio et al. confirmed in their ten-year observation a much lower number of revision operations and cases of osteolysis using of implants with ceramic-on-ceramic articulation than with endoprostheses using metal-polyethylene articulation joints \[[@CR15]\]. Hannouche et al. reviewed their 30 years' experience with alumina-on-alumina bearings. They emphasise improvements in the fabrication and that the articulation is safe if the material is of high quality. Revision is easy to perform due to the lack of foreign body reaction and osteolysis \[[@CR33]\].

An evaluation of radiographs, after Mittelmeier ceramic cup implantation, demonstrated increased radiotransparency areas in all zones, according to DeLee and Charnley's classification, including almost one half of the implanted acetabulums (44.8 %). The width of those zones never exceeded one millimetre and was most pronounced in zone II. During subsequent control studies, the areas of increased radiotransparency were maintained with no change in size. That observation could be explained by the size of the acetabular thread base, which is much larger in the Mittelmeier ceramic acetabulum. Kody et al. \[[@CR34]\], while studying the force of initial fixation of various acetabulum types, observed bone tissue crushing in the final stage of screwing in acetabulums with a large thread base. Moreover, the crushed bone layer separated from the remaining osseous tissue, which could be responsible for implant destabilisation.

The reports of other authors also indicate that in the case of ceramic implants, certain complications should be considered. Porat et al. provide worse outcomes with ceramic endoprostheses vs other cementless or cement endoprosthetic systems \[[@CR14]\]. Mahoney and Dimon \[[@CR24]\] report complications such as ceramic acetabulum breaks and fractures and Garcia-Cimbrelo et al. report worse results with the use of a Mark II stem \[[@CR27]\]. Whittingham-Jones et al. also described a case of a broken ceramic acetabular component \[[@CR13]\]. The majority of poor results, as in our material, resulted mainly from technically difficult operations in patients with orthopaedic history, in general, operated previously for hip disease in childhood. A technically correct operative technique during endoprosthesis implantation is also important since, following the observations, it is of key importance for the final outcome of the arthroplasty \[[@CR33]\].

Conclusions {#Sec5}
===========

Long-term results of hip arthroplasty using the Mittelmeier endoprosthesis are fairly encouraging, indicating a low percentage of loosened endoprosthetic components. The ceramic acetabulum heals very well into the bone bed, while the porous stem does not migrate or loosen. The degree of patient satisfaction after the Mittelmeier endoprosthesis is very high. Combined after proper indications, mainly regarding idiopathic coxarthrosis in young adults, it ensures long-term physical fitness and good clinical outcomes.

This study received financial support from the Medical University of Lodz, Poland. Grant 503/1-116-01/503-01.

Open Access {#d29e447}
===========

This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
